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It is generally agreed that episodes of recur-
rent herpes simplex are due to activation of a
latent infection by a variety of stimulating
factors (1). The tissue(s) in which virus per-
sists in such infections is not known, but have
been thought to be either nerve (2, 3) or skin
(4, 5). It is known that herpes simplex virus
may be found in the saliva of normal individ-
uals (6). Findlay and MacCallum (7) at-
tempted unsuccessfully to recover the virus
from recurrently affected skin sites in the inter-
vals between attacks by inoculation of scrap-
ings into rabbit cornea. There is now evidence
that such methods may be less sensitive for the
isolation of viruses from tissues with inappar-
ent infection than direct cultivation of the in-
fected tissues in vitro (9, 10). We have at-
tempted to demonstrate latent infection of skin
and oral mucosa from persons with recurrent
herpes simplex by in vitro cultivation of these
tissues.
MATERIALS ANT) METflODS
Individuals studied: Fifteen persons, twelve
men, and three women, ranging in age from
19—45 years, participated in this study. Each had
a history of recurrent disease ranging from 4
months to 20 years. Thirteen were clinically diag-
nosed as recurrent herpes simplex; two, herpes
progenitalis. Ten of the individuals with recur-
rent herpes simplex developed lesions around the
mouth. One of these also had recurrent lesions on
the cheek and another also on the chin. The re-
maining three developed lesions elsewhere on the
skin (cheek, forehead, back).
A. Tests for Virus by Direct Inoculation into
Susceptible Cell Cultures
The majority of specimens were inoculated into
cultures of primary human amnion cells. A few
were tested in cultures of HeLa cells. Primary
amnion cell suspensions were prepared essentially
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by the procedure of Osterhout and Tamm (10).
The cells were cultured and maintained in Eagle's
medium supplemented with inositol (11) and 10%
heated calf serum. Four lots of calf serum pools
at a concentration of 15% were tested for their
capacity to neutralize herpes simplex plaques in
rabbit kidney cultures (12) with negative results.
In some experiments, the amnion cultures were
maintained in 2% calf serum, 0.5% lactalbumin
hydrolysate and 97.5% Earle's salt solution. The
amnion cultures were 1—3 weeks old and HeLa cul-
tures 2—4 days old when inoculated. Two or three
cultures were inoculated with each specimen.
1. From active lesions. Vesicular or early crusted
material was obtained by means of a swab and
then inoculated into the cultures either directly
or after storage in skim milk (13) at approxi-
mately —50° C for a few weeks.
2. From healed lesions. The skin area was
superficially scraped with a Bard-Parker blade
and the removed material inoculated into amnion
cultures. The wound, after removal of the skin
specimen for cultivation (see below) was swabbed
and the swab inoculated.
3. From other sources. Attempts were also
made to recover the virus from the eye, nose,
mouth, throat, rectum, blood and urine. Speci-
mens from the first 5 sources were collected by
swabbing. Blood was inoculated in amounts of
0.1—02 ml into the cultures either immediately
after collection or after first placing 1 nil of blood
into a tube containing dried sodium citrate (2%)
and sodium chloride (0.85%). The blood from
two patients was also tested by separate inocula-
tion of serum and homogenized clot in the same
volume as that of whole blood. The clot was
homogenized by grinding with alundum and dis-
tilled water and the suspension clarified by light
centrifugation. Voided urine in volumes varying
from about 50—150 ml were centrifuged at 3000
rpm for 10 minutes. The supernatant except for
the last 5—10 ml was collected and saved. The
sediment was then resuspended in the remaining
volume and both the supernatant and resuspended
sediment was inoculated in volumes of 0.5 ml.
B. Cultivation of Skin and Oral Mucosa
for Viral Isolations
Specimens of skin and oral mucosa were ex-
cised as described previously (14). The akin was
cultured on gelatin film and the oral mucosa
either on gelatin film or glass in Eagle's medium
supplemented with 15% calf serum (14). A few
specimens of skin were also cultured on collagen
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gel (15) in the same medium. Skin fragments
from the arm were cultured as controls. The oral
mucosa fragments were all taken from the labial
region.
RESULTS
A. Studies on the Recovery of Virus by Direct
Inoculations into Primary Human
Amnion and HeLa Cultures
Virus was readily recovered from the active
lesion in each individual. Some but not all of
the isolates were identified as herpes simplex by
neutralization tests with a rabbit anti-herpes
simplex serum. Skin scrapings from twelve
persons and the wound inflicted by the removal
of the skin fragment for cultivation in eleven
persons were tested; the results were negative.
Five tests with each of these specimens were
made on four different occasions from one indi-
vidual who had five recurrent attacks in the
course of 7½ months. Virus was recovered
from the mouth and throat swabs from each of
two persons who had lesions around the
mouth. From one of these, virus was isolated
twice from the mouth and once from the throat
while skin lesions were present but was not recov-
ered from either of these sites about a month af-
ter the disappearance of lesions. From the second
individual, virus was recovered from both the
mouth and throat in one of two attempts 2—3
weeks after an attack at which time the lesion
had healed; but no virus could be recovered
from the mouth and throat on two different
occasions when lesions were present around the
mouth and virus was isolated from them. Virus
was not recovered from the eye, nose, rectum,
blood and urine from any of the fifteen indi-
viduals in this study. However, it was isolated
from the rectum of one other individual whose
tissues were not cultured. This person had re-
current lesions on the thigh and the virus was
identified as herpes simplex by means of neu-
tralization test with specific antibody.
B. Studies for the Presence of Virus in
Cultured Skin and Oral Mucosa
Altogether 20 skin specimens from sites of
recurring herpes simplex and 20 from the arm
of the 15 persons were cultured. Fourteen frag-
ments of oral mueosa were cultured from 12
individuals. The specimens were obtained from
within 1 to 32 weeks after the lesion(s) had
healed and were cultured immediately. The
cultures were maintained for periods varying
from 48 to 161 days. The growth of skin (15)
from the recurrent site was similar to growth
of skin from the non-recurrent site. The follow-
ing studies were made to determine whether
herpes simplex virus was present.
1.) The cultures were examined twice weekly
for cellular changes compatible with cytopathic
effects (CPE) of herpes simplex. 2.) The culture
fluids were periodically inoculated into cultures
of primary human amnion cells. 3.) The gelatin
film cultures prepared from the skin of 12 patients
were transferred 2 to 5 weeks after cellular out-
growth had occurred to Leighton tube cultures of
amnion cells. In some instances the fragment was
removed for subculture. The gelatin film with
cellular outgrowth was placed face down on top
of a monolayer of amnion cells in the Leighton
tubes. These double tissue culture systems were
then maintained for 2 to 21 weeks and examined
twice weekly for herpes simplex CPE. In view
of the fact that ammon cells may become more
resistant to the herpes simplex virus with age(10, 16) the skin cultures were transferred to
young amnion cultures every 1—3 weeks. 4.) The skin
and oral mucosa cultures from 11 persons follow-
ing cellular outgrowth were incubated at 39.5—
400 C. for 3 days to simulate "fever" which is
associated with the activation of virus in vivo
(17). After 3 days of incubation at this tempera-
ture the cultures were examined for herpes sim-
plex CPE and then hydrocortisone was added for
a final concentration of 1.5 micrograms per miffi-
liter of medium. The cultures were then main-
tained at 37° C. in the presence of the hydro-
cortisone containing medium with one fluid change
on the 3rd—4th day. The hydrocortisone was then
removed and the cultures maintained for an addi-
tional week at 37° C. 5.) Three cultures of skin
from three patients one of whom had five attacks
during a 7 month period were exposed 7—12 weeks
after cultivation to ultraviolet light from a GE
germicidal lamp at a distance of 18 inches for 1
minute. The cultures were then placed in a
Leighton tube with young amnion cells. About a
week later they were transferred to a fresh culture
of amnion cells and this was repeated for 16 weeks
with the skin culture from one individual and 21
weeks with the skin culture from another indi-
vidual at 1—2 week intervals. 6.) One specimen of
skin from a recurrent site was sectioned and
examined for the presence of herpes simplex
antigen by fluorescent antibody staining.
All results were negative including those of
cultures of oral mucosa from the two individ-
uals who had virus in their saliva at the time
the specimens were removed for cultivation.
One fragment of oral mucosa was obtained
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from one of these two individuals who at the
time was confined at home. The specimen was
placed in the culture medium for transport to
the laboratory. The transport medium was
inoculated into human amnion cultures and the
oral mucosa fragment cultured. Virus was re-
covered from the transport medium, but not
from the oral mucosa culture despite extensive
cellular outgrowth and inoculation of the cul-
ture fluid into human amnion culture at five
different intervals over a period of three weeks.
DISCUSSION
Cultivation, in vitro, of skin and oral mu-
cosa to detect latent infection of these tissues
with herpes simplex virus was based on the re-
port that a higher percentage of adenovirus
isolations from adenoid and tonsillar tissues
was achieved by culture of these tissues than
by inoculation of infected tissue suspensions
into a susceptible laboratory host (8). Previous
studies to show latent infections of skin with
herpes simplex virus include the inoculation of
skin scrapings into rabbit cornea (7), auto-
grafting of skin from a recurrent to a non-re-
current site (2), and induction of lesions at the
site of previous recurrences by iontophoresis
and injection of histamine and acetyl-choline
(1). These, as well as our experiments to dem-
onstrate latent infection with herpes simplex
virus in skin during quiescent periods by in
vitro cultivation of the tissue for as long as 4
to 5 months and after exposure of cultures to
"high temperature", hydrocortisone and ultra-
violet light, were unsuccessful.
It should be noted, however, that there may
be certain limitations of the method of in vitro
growth of skin which could have prevented
detection of latent infection in this tissue. The
cultures were characterized by the initial ap-
pearance of a zone of epithelioid cells (14).
Preliminary electron microscopy studies (18)
indicate that these are epidermal cells, but
there is some question as to whether their ap-
pearance from adult human skin represents cell
migration or multiplication. These cells degen-
erated usually between the 3rd and 4th week
after their initial appearance and the cultures
thereafter consisted predominantly or entirely
of fibroblast-like cells. The detection of herpes
simplex in skin cultures might be dependent on
the development of long term epithelial cell
cultures since it has been suggested, on the ba-
sis of histologic characteristics of the active
lesion that the virus may be confined to the
epidermal cells (19). It is possible that latent
infection of skin with herpes simplex, a DNA
virus (20), may occur in the basal cells in the
form of viral nucleic acid and that prolonged
cultivation of epitheial cells is necessary for
induction of viral growth. There is evidence
that in tumors induced by Shope's papilloma
virus, the agent may exist in the proliferating
basal cells of the tumor as nucleic acid capable
of producing infection and in the keratinized
portion of the tumor as mature virus (23, 24).
Herpes simplex virus may be recovered oc-
casionally from the saliva of normal individuals.
Buddingh et at. (7) reported virus isolation
from 7% of 571 children. It appears that the
incidence of isolation of virus from saliva of
persons with recurrent herpes simplex is not
higher than that from normal individuals. Thus
Flexner and Amos (25) isolated virus from the
saliva of one of 5 individuals who had recurrent
lesions around the mouth at the time. We re-
covered the virus from 2 of 20 individuals with
recurrent herpes simplex, 10 of whom had le-
sions around the mouth. Several swab speci-
mens were obtained at different times from a
number of these individuals from whom virus
was not recovered, including 13 specimens from
one of these who had frequent recurrent at-
tacks about the mouth. The failure to detect
virus in cultures of oral mucosa from two in-
dividuals who had virus in their saliva, along
with recovery of virus from the suspending
fluid of one of the specimens suggests that this
tissue from some individuals may be relatively
resistant to herpes simplex. It has also been
found (16) that cultures of oral mucosa from
normal individuals may vary significantly in
their susceptibility to small doses of this virus.
Studies have been made by others (5, 26) to
determine if latent infection with herpes sim-
plex occurs in gasserian ganglia and contiguous
nerve(s) in view of the frequent occurrence of
recurrent herpetic lesions on the face and the
association of post-operative herpetic lesions
following nerve root sectioning to relieve tn-
geminal neuralgia. Viral isolations were at-
tempted by inoculation of suspensions of the
nerve tissue into susceptible laboratory hosts
with negative results. It might be worthwhile
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to reinvestigate the possible occurrence of la-
tent infection of nerve tissue with herpes sim-
plex by tissue culture methods.
SUMMARY
Attempts to demonstrate latent infection
with herpes simplex virus in skin and oral mu-
cosa obtained during quiescent periods from
persons with recurrent herpes simplex by in
vitro growth of the tissues were unsuccessful.
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